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(54) Method of ccntroillng fine particulate flowback in sul»tenanean wells 



(57) A weflbore penetrating a subterranean fonna- 
tion is treated with a fluid whereby fine particulate ftow- 
back is reduced or prevented. The method includes the 
steps of provkling afluki suspension including a mixture 
of a particulate coated with a tacWfying conpound, 
pumping the suspension into a subterranean formation 
and depositing the mixture within the formation whereby 
the tacWfying compound retards movement of at least a 
portion of any fine parttoulate within the fbrmatfon upon 
flow of flukis from the subterranean formation through 
the weltoore. Altematively. the tacWfying conpound may 
be introduced into a sutrtenranean formation in a diluent 
containing solution to deposit upon previously intro- 
duced particulates to retard movement of such particu- 
lates and any fines subject to flow with production of 
fluids from the subterranean formation. 
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Description 

This invention relates to a method of treating a subterranean formation containing fines to control migration thereof. 
Transport of particulate solids during the production of hydrocarlx>ns from a sulrterranean formation is a continuing 
5 problem. The transported solids can erode or cause significant wear in the hydrocarbon production equipment used in 
the recovery process. The solids also can dog or plug the wellbore thereby limiting or completely stopping fluid produc- 
tion. Further, the transported particulates must be separated from the recovered hydrocarbons adding further expense 
to the processing. 

The particulates which are available for transport may be present due to the nature of a sttoterranean fbrmaton 

10 and/a as a result of well stimulation treatments wherein proppant is introduced into a sii)terranean formation. 

In the treatment of subterranean formations, it is common to place particulate materials as a filter medium and/or 
a proppant in the near wellbore area and in fractures extending outwardly from the wellbore. In fracturing operations, 
proppant is carried into fractures created when hydraulic pressure Is applied to these subtenranean rock formations to 
a point where fractures are developed. Proppant suspended In a viscoslfied fracturing fluid is carried outwardly away 

15 from the wellbore within the fractures as they are created and extended with continued punping. Upon release of pump- 
ing pressure, the proppant materials remain in the fractures holding the separated rock faces in an open positkm form- 
ing a channel for flow of formation f lukis back to the wellbore. 

Introduction of the proppant materials into the fracturing fluid often results in the crushing of some portion of the 
proppant material as it passes through the pumping and mixing equipment to enter the subten-anean formation. This 

20 fine crushed material may have a particle size ranging from slightly below the size of the original proppant material to 
less than 600 mesh on the U.S. Sieve Series. Also, when the formation cfoses at the concluston of the treatment some 
crushing of the proppant material may occur producing additional fines. Even when proppant crushing does not occur, 
the subterranean formation may hself release fines from the face of the created fractures as a result of spalling, scour- 
ing of the formation wall which causes formation particulate to be mixed wrth the proppant and the like. These fine for- 

25 mation materials also may range from formation grain size to less than 600 mesh. The fines may comprise sand, shale 
or hydrocaibons such as coal fines from coal degasificatton operations and the like. When the wellbore subsequently 
is produced, the fines tend to move into the proppant pack in the fracture tending to reduce the permeability of the pack. 
The fines also can flow with any production from the wellbore to the surface. 

This undesiratrfe result causes undue wear on production equipment and the need for separation of solWs from the 

30 produced hydrocarbons. Fines f lowback often may be aggravated by what is described as "aggressive" f lowback of the 
well after a stimulation treatment Aggressive f lowback generally entails f lowback of the treatment fluid at a rate of from 
about 0.001 to about 0.1 ban^els per minute (BPM) per perforation of the treatment f luicte which were introduced into the 
subten-anean formation. Such f bwback rates accelerate or force closure of the formation upon the proppant introduced 
into the formation. The rapW f lowrate can result in targe quantities of fines flowing back into the near wellbore as cfosure 

35 occurs causing permeability loss within the formation. The rapid flowback is highly desirable for the operator as it 
returns a wellbore to production of hydrocartxns signif icantiy sooner than would result from other techniques. 

Currentiy. the primary means for addressing the fonnation particulate or fines probl«n is to employ resin-coated 
proppants or resin consolidation of the proppant which is not capable of use in aggressive flowback situations. Furtiier, 
the cost of resin-coated proppant is high, and Is therefore used only as a tail-in in the last five to twenty five percent of 

4C' the proppant placement Resin-coated proppant is not always effective at forming a fytration bed since there is some 
difficulty in placing it unrformly witiiin ttie fractures and. additionally, the resin coating can have a deleterioiB effect on 
fracture conductivity. Resin coated proppant also may interact chemically witti common fracturing f luki crosslinWng sys- 
tems such as guar or hydroxypropylguar with organo-metallics or borate crosslinkers. This interaction results in altered 
crosslinking and/or break times for tiie fluids thereby affecting placement. 

45 In unconsoWated formations, it is common to place a filtration bed of gravel in the near-wellbore area in order to 
present a physical banrier to the transport of unconsolidated formation fines with tiie prodiction of hydrocartjons. Typi- 
cally, such so-called ■gravel packing operations" involve tine pumping and placement of a quantity of gravel and/or sand 
having a mesh size between about 1 0 and 60 mesh on the U.S. Standard Sieve Series into the unconsolidated fbmna- 
tion adjacent to the wellbore. Sometimes multiple particle size ranges are employed within the gravel pack. It is sonrie- 

50 times also desirable to bind tiie gravel particles together in order to form a porous matrix tfvough which formation flukis 
can pass while straining out and retaining the bulk of tiie unconsolidated sand and/or fines transported to the near well- 
bore area by the formatfon fluids. The gravel particles may constitute a resin-coated gravel which is either pre-cured or 
can be cured an overf lifih of a chemfoal binding agent once tiie gravel is in place. It has also been known to add 
various harderetole binding agents or hardenable adhesives directly to an overflush of unconsolidated gravel in order to 

55 bind the particles together. Various other techniques also are desaibed in U.S. Patent 5,492.1 78. tiie entire disctosure 
of which is incorporated herein by reference. 

U. S. Patents 5,330,005, 5,439.055 and 5,501 ,275 disclose a mettiod for overcoming the difficulties of resin coating 
proppants or gravel packs by the incorporatfon of a fibrous material in tfie fluid witti which tiie particulates are intro- 
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duced into ttie suUenanean formation. The fibers generally have a length ranging upwardly from about 2 miDlmetets 
and a diameter of from about 6 to about 200 miaons. fTbrillated fibers of smaller diameter also may be used The fibers 
are believed to act to bridge aooss consfrictions and orifices in the proppant pack and form a mat or framework whKh 
hows the partadat^m place thereby 6miting particulate flowback. The fibers typically result in a 25 percent or greater 
loss in permeability of the proppant pack that is created in ooriparison to a pack without the fibers. 

WWIe this technique may function to limit some flowback. it fails to secure the particutates to one another in the 
manner achieved by use of resin coated particulates. « « « anwnw m me 

U.S. Patent 5,551.514 discloses a method for sand cortrol that combines resin consolidation and placement of a 
fibrous matenal in intimate mixture with the particulates to enhance production without a giavel pack screen 

nwouW be d^irable to provide a method wNch will bind greater numbers of fines particles to the proppant material 
inaich a TOnnerihat it further assists in preventing movement or flowback of particulates from a wellbo^ formation 
without agniheantly reducing the permeability of the particulate pack during aggressive f to^back of treatmem fluids. 

Wb have now devised a nriethod of freating a subterranean formation containing fines, to inhibit the flow of the fines 
SrtcS^idT production of hydrocaibons, without significam effects upon the penneabOity of the 

m JH^H^^^l^ ''^ * ^ " 8"W«ranean formation to control fines 

migrabon, whi* mettKd compnses ttie steps of infroducing a treatment fluid into a subterranean formation ttuough a 
wellbore a^ a ra^e and pressure sufficient to aeate at least one fracture in said formation; admixing with at least a por- 
t«n of sari ffod. a partculate whfoh is inboduced into and subsequertly deposited wittiin said fracture; admixing 
f ^ fr°? T^,^^^ ^ ^ °' 9 *«*«ying conpound whereby at least 

^ . f*"'^* ^ '^^ ^ con^xyund such ttat ttw continuoiI«critical re^sfon 

t .^ T ^ ^ particulate alone witii water; deposrfing ttw taddfying conpound coated par- 

ticu ate in ttie subterranean formation: and ftowing back fluid from tte formation whereby the facing conpoSd 
CMtedparticuter^eretardsmovememofatleastaportion^ 

formation by adhering saidfines to said coated particulate. "sawweiiwirewnninsaia 

In the method of the invention, ttie particulate material coated with tacWfying compound adheres to fine particulate 

matenal thereby creating agglomerates which bridge against other particles in ttie fonnation to prevent partioLe f tow- 

^r!r!^- ""^1°"- ^'^^'^ ""^""^ ™y '"fr«l"C«* into the subterranean tornSiprfor to or 
after infroducbon of tiie proppant particulate. ■ lu w 

The cosAed material is effective in inhbiting ttie ftowback of fine particulate in a porous pack having a size ranaina 

r«..SSf^^ '^^"^ consolidating fbie particulate in ttie fomi of agglomerates in a formation as a 

tS^Sr °" " subterranean fomiation during aggressive flowback of 

^ J" ^"'^"'1'*"!'' '^'^ '<^f>^. a Squid or solution of a taddfying compound is incorporated in an intimate 
Sl^^fSI?* " "™««tona' P«Wanl8 or gravel paddng materials and infroduced into a 

As used in this specif ication, the tenti intimate mixture" will be understood to mean a substantially unifonii disper- 
sion of ttie components in ttie mixture. The term "simultaneous mixture" will be understood to mean a mixture of com- 
ponents that are blended togettier in ttie initial steps of the subterranean formation freatinent process or ttie preparation 
fcjr the performance of ttie treabnent process. uw^'oiwauon 

sirable chemically irteract wrth other components used in freating ttie subterranean formation. The material may com- 
prse sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and ttie like. The coated 
matenal ateo may compnse an additional material ttiat Is admixed witti a particulate and infroduced into a subterranean 
formationtoreduce particulate ftewbadc In ttiis instance ttie additional subsfcate material may conprise glass ceSrfc 
carbon composrtes, natural or synttietic polymers or metal and the like oi ttie form of fibers, flakes, ribbons be^ shav- 
ings, platelets and ttiellke. In ttiis instance, ttie additional subsfrate material generally wiO be admixed witti ttie 
late in an amourt of from about 0. 1 to about 5 percent by weight of ttie particulate 

The teddfying compound comprises a Oquid or a solution of a compound capable of fomiing at least a partial coat- 
ing upon ttie subsfrate material witti which H is admixed prior to or subsequert to placemem in ttie subtenanean forma- 

S """^ "^^ * ^'^"^ ^'^^ «"^«ons and ipon initial admixing 

wrtti ttie Partculme and after heating upon enfry into ttie wellbore for infroduction into ttie subtenanean formation 

becomeamettedlxjuidwhidi at least partially coatsaportion of ttie particuW^^ 

l^ing compound compnse substentially any compound which when in liquid formwinasolvert 80^ 

hardening coating, by ttiemselves. upon ttie particulate and preferably will inaease ttie continuous criticaJ resuspenston 
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velocity of the particulate when contacted by a stream of water as hereinafter descnbed in Example I by in excess of 
about 30 percent over the particulate alone when present in a 0.5 percent by weight active material concentration. Pref- 
erably, the continuous critical resuspenston velocity is increased by at least 40 percent over particulate alone and most 
preferably at least about 50 percent over particulate alone. A particularly preferred group of tackifying compounds com- 

5 prise polyamides which are liquids or in solvent solution at the temperature of the subtenanean formation to be treated 
such that the polyamides are, by themselves, non-hardening when present on the particulates introduced Into the sub- 
terranean formation. A particularly preferred product is a condensation reaction product comprised of commercially 
available poiyacids and a polyamine. Such commercial products include compounds such as mixtures of C36 dibasic 
acids containing some trimer and higher oligomers and also small amounts of monomer adds which are reacted with 

10 pdyamines. Other poiyacids Include trimer adds, synthetic adds produced from fatty adds, maleic anhydride and 
acrylic add and the like. Such acid compounds are available from companies such as WItco Corporation, Union Camp, 
Chemtall, and Emery Industries. The readion produds are available from, for example, Champion Technologies, Inc. 
and Wrtco Corporation. 

In general, the polyamides of the present Invention are commercially produced In batchwise processing of polyac- 
15 ids predominately having two or more add functionalities per molecule with a polyantine. As is well Known in the man- 
ufacturing industry, the poiyacids and polyfunctional amines are introduced into a reactor where, with agitation, the 
mildly exothermk; formation of the amide salt occurs. After mixing, heat is applied to promote endothermic dehydration 
and formation of the polymer melt by polycondensation. The water of reaction Is condensed and removed leaving the 
pdyamide. The molecular weight and final properties of the polymer are controlled by choice and ratio of feedstock, 
so heating rate, and judicious use of monofunctkmal adds and amines to temiinate chaki propagatton. Generally an 
excess of polyamine is present to prevent runaway chain propagation. Unreacted amines can be removed by distilla- 
tion, if desired. Often a solvent, such as an alcohol, is admixed with the final condensation reaction product to produce 
a liquid solution that can readily be handled. The condensation reaction generally is accomplished at a tenperature of 
from atjout 225*F to about 450''F under a nitrogen sweep to remove the condensed water from the reaction. The 
25 polyamines can comprise, tor example, ethylenediamine, diethylenetriamine. triethylene tetraamine. amino ethyl piper- 
azineandthe like. 

The polyamides can be converted to quaternary compounds by reactton with methylene cNorkJe, dimethyl sulfate, 
benzytchloride, diethyl sulfate and the like. Typically the quaternizatton reaction wM be effected at a tenperature of 
from about 1 00 to about ZOO'^F over a period of from about 4 to 6 hours. 

30 The quaternization reaction may be employed to inprove the chemical compatibility of the tackifying compound 
with the other chemicals utilized in the treatment fluids. Quaternization of the tackifying conpound can reduce effects 
upon breakers in the fluids and reduce or minimize the buffer effects of the compounds when present in various fluids. 

Additional compounds whteh may be utilized as tackifying compounds indude liquids and sduttons of. for example, 
polyesters, polycarix>nates and polycarbamates. natural resins such as shellac and the like. 

35 The surprising discovery has been made that a tackifying compound can also be produced by the reactfon of a 
pdyadd such as previously deswlbed with a multivalent ion such as caldum, aluminum, iron or the lika Similariy. vari- 
ous polyorganophosphates. polyphosphonates. polysulfates, polycartxixylates, or polysilicates may be readed with a 
multivalent ion to yield a tackifying compound. If retardation of the rate of reaction is desired, esters of the above com- 
pounds may be utilized which will then react with the multivalent ion as the esters hydrolyze at the subterranean fbrma- 

40 tion temperatures in the treatment fluids. Alternatively, chelates may be formed with Known chelating agents such as 
citric acW, hydroxypropionates and the liKe to retard the rate of reaction. Further, it has been found possible to generate 
the tackifying compoiffid tn-situ within the subterranean formation by introduction of the polyadd to contact multivalent 
ions present in the treatment fluid within the stbtenanean formation. The multivalent tons may be either naturally occur- 
ring in the formation or introduced with the treatment f lud. 

45 The tackifying compound is admixed with the particulate in an amount of from about 0.05 to about 3.0 percent 
active material by weight of the coated particulate. It is to be understood that larger quantities may be used, however, 
the larger quantities generally do not significantly increase performance and could undesirably reduce the permeability 
of the particulate pack. Preferably, the tackifying compound is admixed with the particulate introduced into the subter- 
ranean formation in an amount of from about 0.1 to about 2.0 percent by weight of the coated particulate. 

so When the taddfying compound Is utilized witii anotiier material that is to be admixed with the particulate and whtoh 
is to be at least partially coated with the taddfying compound, such as glass fibers or the like, the conpound is present 
in an amount d from about 1 0 to about 250 percent active material by weight of the glass fibers or other added material 
and generally from about 0.05 to about 3 percent active material by weight of tiie quantity of particulate with which the 
coated material is intimately admixed. Preferably the tackifying compound is present in an amount of from about 10 to 

55 about 150 percent of the material which is to be at least partially coated with the tackifying conpound and then added 
to the particulate. At least a portion of the tackifying conpound introduced with the additional material will contact and 
coat at least a portion of the particulate witt) whk:h it is admixed. 

The liquid or solution of tackifying compound interacts mechanically with the particles of particulate introduced into 
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the subterranean formation and the adhered fines to limit or prevent the f lowteck of fines to the welibore. 

The liquid or solution of tackrfying compound generally is incorporated with the particulate in any of the conven- 
tional fracturing or gravel packing fluids comprised of an aqueous fluid, an aqueous foam, a hydrocartxvi fluid or an 
emulsion, a viscosifying agent and any of the various known breakers, buffers, surfactants, clay stabilizers or the Ilka 

Generally the tacWfying compound may be incorporated into fluids having a pH in the range of from about 3 to 
about 12 for introduction into a sutrterranean fonnation. The compounds are useful in reducing particulate movement 
within the formation at temperatures from about ambient to in excess of 275"*^ tt is to be inderstood that not every tack- 
ifying compound will be useful over the entire pH or terrperature range but every oompound is useful over at least some 
portion of the range and individuals can readOy determine the useful operating range for various products utilizing well 
known tests and without undue experimentation. 

It has been discovered that the incorporation of or addition of certain surfactants to the fluid suspension can 
improve or fadlitate the coating of the tackifying compound ipon the particulate. The addition of selected surfactants 
has been found to be ben^icial at both ele/ated fluid salinity and elevated fluid pH as wefl as at elected tenperatures. 
The surfactants appear to improve the wetting of the particulates by the tackifying compound. Suitable surfactants 
include: nonionics. such as. bng chain carboxylic esters such as propylene glycol, sorbitol and polyoxyethylenated 
sortjitol esters, polyoxyethylenated alkylphenols. aikyphenol. ethoxylates. alkyglucoskJes. alkanolantine condensates 
and alkanolamtdes; anionics, such as. carboxylic add salts, sulphonic acid salts, sulfuric ester salts and phosphonic 
and polyphosphoric acid esters; cationics. such as, long chain amines and their salts, quaternary ammonium salts, 
polyoxyethylenated long chain amines and quaternized polyoxyethylenated long chain amines; and zwitlerion, such as 
n-alkylbetaines. 

The liquid or solution of facWfying compound generally is Incorporated vwth the particulate as a simultaneous mix- 
ture by introduction into the fracturing or gravel packing fluid along with the particulate. Fracturing fluids are introduced 
into the subterranean formatfon at a rate and pressure sufficient to create at least one fracture in the formation into 
which particulate then is introduced to prop the created fracture open to facilitate hydrocartxjn production. Gravel pack- 
ing treatments generally are performed at lower rates and pressures whereby the fluid can be introduced into a forma- 
tion to create a controlled particle size pack surrounding a screen positioned in the welibore without causing fracturing 
of the formation. Alternatively the gravel pack may be performed without a saeen, if consolkiatable particulate is uti- 
lized, and the pack may fill the welibore. Thereafter, the pack may be drilled out flushed or reamed to open a passage 
in the bore, if necessary. The partteufate pack surrouncfing the welibore then functions to prevent fines or formation par- 
ticulate migration Into the welibore with the production of hydrocarbons from the subterranean fomation. The tackifying 
compound may be introduced into the fluid before, after or amultaneously with introduction of the particulate Into the 
fluid. When the tackifying compound is g^ierated in-situ in the formatfon, the reactants may be introduced individuaOy 
as desaibed above for the tackifying compound and the multivalent ion soiree may be naturally occuning or introduced 
into the formation. The liquid or solution may be incorporated with the entire quantity of particulate introduced into the 
sutrterranean fonnation or it may be introduced with only a portion of the particulate, such as in the final stages of the 
treatment to place the intimate mixture in the fonnation in the vicinity of the welibore. For exanple. the fackifying com- 
pound may be added to only the final 20 to 30 percent of the particulate laden fluid introduced into the formation. In this 
Instance, the intimate mixture will form a tail-in to the treatment which upon interaction within the formation with the par- 
ticulate will cause the particles to bridge on the agglome-ates formed therein and prevent movement of the particles into 
the welibore with any produced f kjicfe. The tackifying compound may be introduced into the blender or into any f towline 
in which it will contact the material to be at least partially coated by the compound. The conpound may be introduced 
with metering pumps or the like prior to entry of the treatment fluid into the subterranean fonnation. 

In an alternate embodiment, the particulate may be premixed with the teckfying conpound prior to admixing with 
a treatment fluid for use in a subterranean formation. 

The surprising discovery has been made that when a pdyamide is utilized as the tackifying conpound, fenous 
metal in contact with the treatment fMd has been found to exhibit extended corrosion inhibition, tt has been determined 
that minute amounts of the polyamide are dissolved from the coated particulate by hydrocarbons flowing through the 
formation and into the welibore and that such quantities provide extended corrosion protection to the ferrous metals 
contected thereby and that also are in contact with aqueous fluids introduced into or produced from the subterranean 
formation. The polyamkle material appears to coat or form a very thin f am on the fenous metal surfaces protecting them 
from contact with aqueous fluids. 

In yet another embodiment of the invention wherein a previously performed fracturing treatment or gravel pack is 
producing back proppant or formation fines with the production of hydrocartwns. a remedial particulate control treat- 
ment may be perfonned. In this instance, the tacWfying compound is admixed with a diluent such as for exarrple. aude 
oil. distillates, butyl ateohd. isopropyl alcohol, a heavy aromatic soh^ent such as xylene, toluene, heavy aromatic naptha 
or the like, mutual solvents such as ethylene glycol monobutyf ether, propylene carbonate or n-methylpyrolidone or the 
like. The tackifying oompound generally will be present in an amouit of from about 0.5 to about 30 percent by volume 
of the sdutfon to be used to treat the subtenanean formation. The tecWfying compound also may be adhiixed with 
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selected surlactants and other additives that do not adversely react wHh the compourKi to prevent fines control. The 
tackifying compound containing solution is introduced into the sutrterranean formation pr6ferak)ly at a rate and pressure 
below the fracture gradient for the subterranean formation. The tackifying compound tends to contact and at least par- 
tially coat at least a portion of the proppant or gravel which previously has been introduced into the formation. 

s The coating of the proppant or gravel causes the larger particles to subsequently tend to adhere to one another 
resulting in the formation of particulate bridges in the formation upon the resumption of hydrocarbon production. As 
fines in the produced fluids contact the tackifying compound coated particulates in the subterranean famation, the fines 
tend to become k>ound to the larger particulates and are prevented from migrating through the proppant or gravel pack 
with produced hydrocart)ons. Introduction of the tackifying compound solution Into the sutitenranean formation at matrix 

10 flow rates (rates below that necessary to exceed the fracture gradient and cause fracture fonnation) tends to minimize 
the possibility of additional fines release within the formation. If it is desired to redistribute proppant in a subterranean 
formation or reopen or extend fractures into the subten^anean formation, the tackifying compound solution can be intro- 
duced into the subtenanean formation at a rate and pressure sufficient to fracture the subten'anean formation. Any fines 
that may be produced as a result of the fracturing operation tend to become txHJnd to and adhere to the partfoulate that 

15 is least partially coated by the tackifying compound as it is deposited within the subtenranean formation. 
Reference is made hereafter to the accompanying drawings wherein: 

Rgure 1 provides a schematic illustration of a test apparatus utilized to determine the critical resuspension velocity 
for a coated substrate material. 
so Figure 2 provides a graphical illustratfon of sample permeability. 

Figure 3 provides photomicrographs of untreated and treated samples illustrating fines retention. 

To furtiier illustrate the present invention and not by way of limitation, the following Examples are provided. 

25 EXAMPLE I 

The evaluatfon of a liqukJ or solution of a compound for use as a tackifying compound is accomplished by the fbl- 
towing test. A critical resuspension velocity is first determined for the material upon which the tackifying compound is to 
be coated. Referring now to Figure 1. a test apparatus is illustrated for performing the test The apparatus comprises a 

30 W glass tee 1 0 which is connected to an inlet source 1 2 of water and an outlet 1 4 disposal line is blocked to fluid f tow. 
A water slurry of particulate is aspirated into the tee 10 through inlet 12 and collected witiiin portion 16 by filtration 
against a screen 18. When portion 16 of tee 10 Is full, the vacuum source is removed and a plug 20 is used to seal the 
end of portton 16. The flow channel from inlet 12 to outlet 14 tiien is swabbed dean and a votumetrically conta^oHed 
pump, such as a "MOYNO" pump, is connected to inlet 12 and a controlled flow of water is initiated. The vetocity of the 

55 fluid is slowly increased tiirough inlet 1 2 until the first particle of particulate material is picked up by the flowing water 
stream. This determines tiie baseline for the starting of the resuspension velocity. The flow rate then is further increased 
until the removal of particles becomes continuous. This determines the baseline for Uie continuous resuspension veloc- 
ity. The test then is terminated and ti^e apparatus is refilled witii particulate having a coating corresponding to about 0.5 
percent active material by weight of the particulate applied ttiereto Simflar trends generally are seen in tiie results when 

40 the concentrations tested are from about 0. 1 to about 3 percent, however, the 0.5 percent level which is witinin the pre- 
ferred application range is prefenred for standardizatfon of the procedure. The test is repeated to determine tiie starting 
point of particulate removal and the velocity at which renrxsval becomes continuous. 

The percent of velocity increase (or decrease) then is determined based upon the initial or continuous baseline 
value. The results of several tests employing tine prefen-ed pdyamide of the present Invention, and conventional epoxy 

45 and phenolic resins known for use in consolidation treatments in sulsterranean formations with 12^20 and 20/40 mesh 
sand are set forth below in Table I. 



TABLE I 



Test No. 


Particulate Size 


Coating Agent, % V/Wt 
Particulate 


Percent Of Velocity Change 
At 








Starting 


Continuous 


1 


20/40/mesh sand 


none 


0 


0 


2 


20/40 mesh sand 


1/2 percent polyantide 


192 


222 


3 


20/40 mesh sand 


1 percent polyamide 


271 


391 
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TABLE I (continued) 



Test Na 


REVticulate Size 


Coating Agent, %V/Wt 
Particulate 


Percent Of Velocity Change 
At 








Starting 


Continuous 


4 


20/40 mesh sand 


^f2 percent phenolic 


-0.5 


6.5 


5 


20/40 mesh sand 


1 oercent Dhenolic 


-9 


-6.8 


6 


20/40 mesh sand 


1/2 Derc&it eoQxv 


-9 


-1.2 


7 


20/40 mesh sand 


1 nercfint ^now 


5.2 


12.2 


8 


12/20 mesh sand 


1/2 oercent oolvamidfi 


228 


173 


9 


12/20 mesh sand 


1 percent potyamide 


367 


242 


10 


12/20 mesh sand 


1/2 percent phenolic 


42 


22 


11 


12/20 mesh sand 


1 percent phenolic 


42 


13 


12 


12/20 mesh sand 


1/2 percent epoxy 


48 


30 


13 


12/20 mesh sand 


1 percent epoxy 


38 


15 



dau dMri^r liustrates the substantial Increase in the critical resuspension velocity of a particulate coated with 
fhf ucKtrmg oorT«und in comparison to other known formation consolidation agents which require hardening to be 



EXAMPtE • 

To 4u5iraie me ability of the tacWfying compound to control fines, the foHowing tests were perfomied. 
^ Two sand sMries were prepared and placed in 1 inch diameter. 36 inch tan glass columns having a saeen and a 
one hoi« pijg stopper at their lower ends which was sealed off. The slunies con^ised 250 ml. of a 25 Ib/1000 gallon 
hydrated ^i 300 grams 20/40 mesh Brady sand containing 7.4% l>y weight of 50 mesh and smaller fines material, 
0 5 ml ervyme breaker and 0.5 ml. borate crosslinker. One percent by weight of the tackifying compound of ttie present 
invention «ras added to the second slurry. 

The slurries were allowed to sit static for 48 hours. The first column setUed to a height of 21.125 inches and the 
tackitymg confpound containing sample settled to a height of 21.875, inches. 

The broken fluids were remwed from the columns abo^e the settled sand in the columns and replaced with water. 
The colunrwis were attached to a constant head water supply While maintaining the water supply constant the hole in 
the bottom stopper was opened, water flow rates and permeabilities were determined. The sand packs had settled dur- 
ing the water flow to 20.5 inches and 21 .625 Inches respectively. 

The flow was resumed, using kerosene and flow rates and permeabilities were determined. Pack heights settied to 
20.125 inches and 21.437 inches, respectively.. 

The difference in the permeability of ttie packs in the columns is illustrated in the chart corn)rising Figure 2. The 
difference in the final pack height Is an indication of the agglomeration of tfie fines with the larger particles preventing 
close packing by fines movement as occurs in the untreated column. The lower permeability of the untreated pack also 
indicates fines migration has occurred. 

The stabilization properties of the metfiod of fhe present invention also are detennined by flow through an Ameri- 
can Petroleum Institute approved simulated fracture flow cell. 

The cell contains Ohio sandstone cores having a proppant bed size of about 1 .5 Inches In height, about 7 inches 
in length and about 0.25 inches in width between the cores. The bed is initially prepacked witti 20/40 mesh sand by 
introducing the sand into the cell in an aqueous slurry or a gelled flud containing 40 pounds of guar per 1000 gallons 
of aqueous fluid. The cell is fitted with a 0.3 inch hole at one end to simulate a perforation. The hole is vistole through a 
sight glass so that proppant production, if any, through tiie hole can be visually determined. 

The conductivity of the pack is determined at a sti-ess loacfing of 2000 and 3000 psi for the umreated sand. 

The cell then was cleaned and packed with another proppant pack containing 0.5 percent by weight tackifying com- 
pound for testing. The results of the tested materials are set forth in Table II. below 
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TABLE II 



5 





CONDUCTIVITY.mD/ft at 




2000 psi loading 


3000 psi loading 


untreated sanple 
treated sample 


4251 
5130 


3487 
3829 



10 

Rgure 3 presents photonrHcrographs of a portion of the sand packs from the untreated and treated sanples after 
removal from the flow cell. The difference in the free fines content of the two samples is readily apparent in the photos. 
The untreated sample contains significant quantities of free fines whereas the fines are found to be primarily attached 
to the larger sand particles in the treated sanrple. 

15 

EXAMPLE III 

To Illustrate the effectiveness of the tackifying compound in controlling fines, the following turt)idity tests were per- 
formed. A series of samples were prepared containing a quantity of 100 grams of 20/40 Brady frac sand admixed with 
so 1 00 ml of tap water. A selected quantity of tackifying compound was admixed with a sample and the turbidity of the solu- 
tion was determined. The turbidity was measured in Formazin Turbidity Units utilizing a Coleman Junior II Spectropho- 
tometer. Model 6-20. The results are set forth in Table III, below. 



TABLE HI 



SAMPLE 


TACKIFYING COM- 
POUND, ml 


TURBIDITY, FTU 


1 


0 


43 


2 


0.25 


38 


3 


0.5 


18 


4 


1.0 


12 



35 

The tests were repeated using 20/40 Brady frac sand to which is added 0.2 grams of silica flour to simulate a high 
fines content. The turbidity was measured as previously described. The results are set forth in TABLE IV. bekjw. 



TABLE IV 



SAMPLE 


TACKIFYING COM- 
POUND, ml 


TURBIDITY. FTU 


1 


0 


337 


2 


0.25 


137 


3 


0.5 


56 


4 


1.0 


29 



SO 

The data clearly illustrates the ability of the tackifying compound to control fines movement in the fluid and to bind 
the fines to prcppant materials which are coated by the tackifying compound. 

EXAMPLE IV 

55 

To illustrate the effect of the tackifying compound on controlling fines migration in coal seams two treatments are 
performed on adjacent wells in Colorado on a gas containing coal seam producing at a depth of from about 1850 to 
about 2100 ft at a bcttomhole temperature of about 1 lO^'F. The treatments are performed down 5 1/2 inch casing. The 



8 



BNSDOCID: <EP q878935A2J_> 



EP0 879 935 A2 

treatments conprised approximately 2000 gallons of 1 5% acetic ackJ. 24,000 gallons of a guar containing pad. 60.000 
gallons of a fracturing treatment including approximately 300.000 pounds of 1 2/20 sand and 2000 gallons of flush fluid. 
The fracturing fluid conprised a borate crossRnked fluid contairang 20 lbs guar per 1000 gaflons of fluid. The fyd also 
contained day control additives, surfaclante, gel breakers and biocide. One treatment included approximate 1 .0 percent 

5 tacWfying conrpound added to the sand during performance of the treatment 

The initiai production of the wells was about 180 MCF per day and about 180 BWPD. Post frac production after 
cleanip of fracturing treatment fluid on the well without fines control is about 500 MCF and about 400 BWPD. The well 
having the treatment utilizing fines control techniques of the present invention after clean up of fracturing treatment fluid 
is producing about 800 MCF per day and about 600 BWPD. The first well is producing fracturing treatment sand and 

10 coal fines into the wellbore along with the production of gas. The well treated with the tacWfying compound is not pro- 
ducing measurable amounts of fines or fr^luring treatment sand. 



EXAMPLE V 

15 To ifluslrate the corrosion inhibition of a f flm of the taddfying compound comprising polyanides. the following tests 
were performed on carbon steel coupons weighing approximately 1 gram at 160'F in simulated sweet and sour well 

conditions. 

Test fluids are placed in sealed bulk containers and purged for a minimum of six hours with cartx)n dioxide. For sour 
gas tests. H2S then is bubbled into the container for 1 5 to 20 minutes. The proper amount of polyamide is dispensed by 

20 syringe into each test bottle. The test bottles are 7 ounce capacity. The blank samples contain no polyamide. Each bot- 
tle is purged with carbon dioxide to displace air and a previously weighed and cleaned sample coupon is prfaced in the 
bottle. A quantity of 108 mi of NACE brine and 12 ml of kerosene then are added to the bottles from the purged bulk 
containers. The bottles are capped and placed on a rotating wheel and rotated for 1 hour at 160*F. ± 10*F. The bottles 
then are renwed from the wheel and the coupons are transferred to bottles containing brine and kerosene without 

25 inhibitor under a cart>on dioxide purge to rinse the coupons. The blanks are not transferred sir^ the blank sanple bot- 
tles contain no inhibitor. The bottles are returned to the rotating wheel for an additional hour. The bottles then are 
removed from the wheel and the coupons are transferred to bottles having the same brine and kerosene mix without 
the polyamide. The transfer is effected under a carbon dioxide purge and the bottles are returned to the wheel for an 
additional 72 hours at about 160*R to determine conosion effects on the samples. Samples containing HgS were 

30 returned to the wheel only for 24 hours. After completion of the exposure time, the coupons are retrieved from the bot- 
tles, deaned, dried and weighed. The con^osion bss then is detemnined. Each sample is run in triplicate and the values 
are averaged to determine the loss for a sanple oonditk)n. The results of the tests are set forth in Table V below. 



TABLE V 



Sample 


Polyamide Concentra- 
tion, ppm 


H2S Present 


Corrosbn Rate. Ibs/ft2 


1 


0 


No 


8.564 


2 


2500 


No 


1.233 


3 


50 


No 


1.103 


4 


0 


Yes 


3.193 


5 


2500 


Yes 


0.183 


6 


50 


Yes 


0.455 



The polyamide film fonmed on the ferrous metal surface in contact with the aqueous fluid provided signif k»n1 cor- 
50 rosion protection in comparison to samples having no film as a result of contact with the taddfying compound. 

While the present invention has been described with regard to that which is currently considered to comprise the 
prefen-ed enPodiments of the invention, other embodiments have been suggested and still other embodiments will 
occur to those individuals skilled in the art upon receiving the foregoing specification. 



55 Claims 



1. A method of treating a subtenranean formation to control fines migratk)n. which method comprises the steps of 
introdudng a treatment fluid into a subterranean formation through a wellbore at a rate and pressure sufficient to 
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create at least one fracture in said formation; admixing with at least a portion of said fluid, a particulate which is 
introduced into and subsequently deposited within said fracture; admixing with at least a portion of said particulate 
an effective amount of a liquid or solution of a taddfying compound whereby at least a portion of said particulate is 
at least partially coated by said compound such that the continuos critical resuspension velocity of sad at least par- 
tially coated particulate is increased by in excess of about 30 percent when tested at a level of 0.5% active material 
by weight over said particulate alone with water; depositing the tacWfying conpound coated particulate in the sub^ 
terranean formation; and flowing back fluid from the formation whereby the tackifying coirpound coated particulate 
retards movement of at least a portion of any fine particulate flowing back to said wellbore within said fbrmaHon by 
adhering said fines to said coated particulate. 

A method according to claim l . wherein said tackifying compound is admixed with said particulate in an amount of 
from 0.05 to 3.0 percent by weight of sakl particulate. 

A method according to claim 2. wherein saki tackifying confound is admixed with said partk:ulate in an amount of 
ftom 0. 1 to 2 percent by weight of sakj particulate. 

A method according to daim 1 , 2 or 3, wherein said coated particulate has a continuous critical resuspension veloc- 
ity m excess of SO percent over saki particulate alone. 

A metfiod acoMng to daim 1. 2, 3 or 4, wherein saki tackifying compound comprises a or soiutkui of a 
potyamde 



6. 



A mjg vij ac corong to daim 1 , 2, 3 or 4, wherein said tackifying compound conprises predominantly a condensa- 
tion rMcton prciM of a dimer add containing some trimer and higher oligomers and some monomer adds with 
25 apniv»T»n« 

7. A mMhod acoorong to daim S. wherein said potyamine comprises at least one member selected from the group of 
etrvenetfcamne Oethylenetriamine. triethylenetetraamine. tetraethylene penlaamine and aminoethylpiperazine. 

30 8. A pnefhoa accordmg to daim 6 or 7, wherein sakI tacWfying compound has been quaternlzed. 

9. A metfxxJ according to any of claims 1 to 8, wherein said particulate comprises sand, ceramic particles resin 
coated sand, hardened resin beads, sintered bauxite, metal partk;les or glass particles, or any mixture of two or 
more thereof 



35 



10. A method according to any of claims 1 to 9, wherein tiie treatment flukl includes a further particulate material 
selected from metal, natural or synthetic polymers, ceramics and glass. 

11. A method according to daim 10. wherein said further particulate material is in the form of ftoers. beads ribbons 
40 flakes, platelets or shavings. 



45 
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TREATED SAMPLE 




UNTREATED SPMPLE 



Fioxjure 
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